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Materials and Methods:
Silkworm strains. A multivoltine, non-diapausing silkworm strain, Nistari, was used in all the experiments. Larvae were reared on fresh mulberry leaves at 25 °C under standard conditions (1) .
TALENs vector construction and luciferase SSA assay. Genomic DNA was extracted from silkworm larvae in standard sodium dodecyl sulfate (SDS) lysis-phenol buffer after incubation with proteinase K followed by RNase treatment and purification. The DNA fragments complementary to selected TALEN targeting sites were cloned and sequenced to confirm the absence of single-nucleotide polymorphisms. TALENs targeting the FibH exon2 (5'-ACGTATCAAACAGTggatacagcactcatcAAGGATATACGAGCG-3') and the 3' untranslated terminal regions (5'-TCTTTGAGATATGGGTCgttctttgaggtat GAGGGTACAAAGAATACA-3') were constructed by Golden-Gate assembly and ligated into the pTD1 vector (Shimadzu) containing a T7 promoter sequence, a polyA signal and a T7 transcription terminator. A human cytomegalovirus (CMV) promoter was sub-cloned into pTD1-TALEN vectors to facilitate the luciferase SSA assay in 293T cells.
A firefly luciferase single-strand annealing (SSA) assay reporter vector was constructed following the previous reported methods (2) . The activity detection of these two TALENs was according to the previous report (2) .
For the in vitro transcription of TALEN mRNA, TALEN vectors were linearized by the restriction endonuclease NotI (Fermentas), followed by phenol/chloroform/isoamyl alcohol (25:24:1, Sangon) treatment, and they were used as templates in subsequent experiments. TALEN mRNA was synthesized with a mMESSAGE mMACHINE T7 kit (Ambion) according to the manufacturer's instruction. Table S1 .
Silkworm germ line transformation. Germ line transformation was performed by microinjection of plasmid solutions into preblastoderm embryos, followed by subsequent incubation and rearing. The injection solutions contained TALEN mRNAs (300 ng/μl for each) and donor DNA (PJET-1.2-IE1-Red-donor or PJET-1.2-MaSp1-donor, 250 ng/μl).
The G 0 adults were mated to WT moths, and the G 1 progeny were scored for the presence of the ubiquitous fluorescence marker using fluorescence microscopy (Nikon AZ100).
Targeted integration analysis. Genomic DNA was extracted from the DsRed2-positive G1 adult animals by standard sodium dodecyl sulfate (SDS) lysis-phenol buffer after incubation with proteinase K, followed by RNase A treatment and purification. The 5'-and 3'-end junction fragments at the integration event were cloned separately and sequenced. The PCR conditions included 2 min of denaturation at 95 °C; 35 cycles of 1 min at 95 °C, 30 s at 55 °C and 30 s at 72 °C; followed by a final extension at 72 °C for 10 min. The PCR products were sub-cloned into the pJET-1.2 vector (Fermentas) and sequenced. The primer sequences are listed in the Table S1 .
Morphology analysis. Photography: Silk glands of the wild-type and transformed animals were dissected from larvae at the fourth day of the fifth instar and were subjected to morphological investigation under a microscope (Nikon) and photographed using a digital camera (Nikon DS-Ri1).
Paraffin sectioning: Tissue sectioning was performed as described previously (3).
Posterior silk glands were dissected from the larvae at the fourth day of the fifth instar and were fixed in Qurnah's fixative (anhydrous ethanol: acetic acid: chloroform = 6:1:3v/v/v) overnight. The tissues were dehydrated and washed three times using anhydrous ethanol and xylene followed by embedding in paraffin overnight and sectioned using a Leica microtome (RM2235). The sections were stained using a mixture of hematoxylin and eosin to visualize morphology. Pictures were taken using a microscope (Olympus BX51) with differential interference contrast and the appropriate filter.
Transmission electron microscopy: Posterior silk glands from the larvae at the fourth day of the fifth instar were fixed in 2.5% glutaraldehyde at 4 °C overnight. Then, the tissues were washed with PBS twice, post-fixed with 0.5% osmium tetroxide for 2 hr and embedded in Epon resin. Sections were cut and stained with Reynold's lead citrate. The internal structures were investigated under an H7650 transmission electron microscope (Hitachi).
Scanning electron microscopy:
The silk fiber was dried (CO 2 The diameters for each kind of fiber were determined by taking an average of ten measurements using scanning electron microscopy and Atlas software. Single-fiber testing was performed with an Instron 5565 mechanical testing instrument (at 20-22 °C and 40-45% relative humidity; gauge length: 10 mm; cross-head speed: 5 mm/min) with a cell load of 2.5 N. Each group has at least 14 fibers which were from five different individual cocoons. Two or three fibers for each cocoon were used.
Statistics. The experimental data were analyzed with Student's t-test. t-test: **, P < 0.01; ***, P < 0.001. At least three independent replicates were used for each treatment, and error bars indicate the mean ± standard error of the mean (SEM). Table S1 . Oligonucleotide primers used in this study. 
